Introduction

63
Perfluorinated compounds such as perfluorooctane sulfonate (PFOS) and (PFDA) and perfluorododecanoic acid (PFDoDA), respectively) (Furdui et al., 2008) .
75
Although studies using human samples from Western countries showed that PFOA was 76 the most prevalent (followed by PFNA, PFDA and PFUnDA) (Haug et al., 2009; 77 Joensen et al., 2009; Kato et al., 2009) , our previous study of Japanese women in the 78 Miyagi prefecture showed that PFNA and PFUnDA (average: 2.8 and 5.4 ng mL -1 , 79 respectively) were found at broadly similar serum concentrations to PFOA (average: 4.9 80 ng mL -1 ) (Kärrman et al., 2009 ).
81
PFCAs with longer chains than PFOA have higher bio-concentration factors 82 suggesting persistency in the environment (Martin et al., 2003) . Temporal trends in 2010; Haug et al., 2009; Olsen et al., 2008) . These findings suggest a possibility that the 87 origin and source of exposure to long-chain PFCAs could differ from those of PFOA 88 and PFOS.
89
In the present study, we investigated current serum concentrations of PFCAs in three
90
Asian countries (Japan, Korea and Vietnam). We selected the cities of Busan and Seoul
91
in Korea because they are comparably urban and industrialized to Osaka, Japan. To (Table 1) . Serum was separated from cellular components and 108 stored at -30 °C until analysis.
109
The study population in Osaka and Kyoto consisted of residents that had been 110 6 intensely exposed to PFOA from a local industrial source (the fluoropolymer 111 manufacturer, Daikin Company) (Harada et al., 2004 (Harada et al., , 2007 (Harada et al., , 2010 Kärrman et al., 2009; 112 Niisoe et al., 2010) . In contrast, there is no known potential industrial source of PFCAs 113 that would affect sample populations in the other cities studied.
114
For historical comparisons, samples were selected so that age and gender were 115 matched among time points, except for Busan in 2000 and Osaka (Table 1) .
116
The research protocol for the present study was reviewed and approved by the ) were monitored and used as quantification ions (Table 2) .
149
Instrumental detection limits (IDL) were defined as the mass of analyte producing a 150 peak with a signal-to-noise ratio of 3, and ranged from 1 pg (PFTeDA) to 0.25 pg (other 151 PFCAs) ( 
175
RSDs of difference between methods were 33.1%, 9.8%, 13.6% and 11.5% for PFHpA,
176
PFNA, PFDA and PFUnDA, respectively and average RSD was 17.0%.
177
To assess potential interlaboratory difference in analysis, NIST standard reference 178 material (SRM) 1957 was analyzed ( 
Results
216
Temporal changes in PFCA concentrations in Japan
217
The descriptive statistics for PFCAs are presented in and PFTrDA showed no regional differences (p>0.05 by ANOVA).
235
As a consequence of the increase in long-chain PFCAs, the proportion of PFOA in the 236 total PFCA content became less than 50% in all locations except Osaka.
238
Temporal trends in the serum concentrations of PFCAs in Korea
239
The PFCA concentrations in the serum samples collected in Busan and Seoul 240 between 1994 and 2008 are shown in PFTrDA were also detected, albeit less frequently ( 
